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_ ' Abstract 

m \ 

^ ' We discuss the pair production of charginos in collisions of polarized 

00 . photons 77 — » xtXi^ (* ~ 2) and the subsequent leptonic decay of the 

' lighter chargino xt ~^ Xi^'^^e including the complete spin correlations. 

Analytical formulae are given for the polarization and the spin-spin corre- 
lations of the charginos. Since the production is a pure QED process the 
decay dynamics can be studied separately. For high energy photons from 
Compton backscattering of polarized laser pulses off polarized electron 
beams numerical results are presented for the cross section, the angular 
distribution and the forward-backward asymmetry of the decay positron. 
Finally we study the dependence on the gaugino mass parameter Mi and 
^ • on the sneutrino mass for a gaugino-like MSSM scenario. 

> 

X. . . 

H , (SUSY) is the most attractive concept for new physics beyond the Standard 

Model. The first candidates for supersymmetric particles are expected to be 
discovered at the LHC. Then precision measurements are necessary to identify 
the specific supersymmetric scenario which is realized in nature and to determine 
the model parameters. Due to the clear signatures and the feasibility of polarized 
beams Linear Colliders offer outstanding possibilites to find SUSY particles and 
to study their properties Here charginos, the supersymmetric partners of the 
charged gauge and Higgs bosons, are of particular interest as they are expected 
to be light enough to be produced with comparably large cross sections at an 
e~^e~ collider. In the Minimal Supersymmetric Standard Model (MSSM) the 
production process is determined by the SUSY parameters M2, /i, tan/? and 
the sneutrino mass mci^ , whereas the chargino decay into the lightest neutralino 
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1 Introduction 

From both a theoretical and a phenomenological point of view supersymmetry 
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Xi which we assume to be the lightest supersymmetric particle (LSP) depends 
in addition on the gaugino mass parameter Mi and the mass mg^^ of the left 
selectron. The SUSY parameters can be determined with high precision in a 
combined analysis of neutralino and chargino pair production at an e+e" collider 
with polarized beams Q . 

Besides for the e^e~ option many studies for the 77 mode of a Linear Col- 
lider have been performed with high luminosity polarized photon beams ob- 
tained by Compton-backscattering of laser pulses off the electron beams |3| . In 
the present paper we study chargino pair production 77 xtxii"^ — 1)2) in 
photon collisions and the subsequent leptonic chargino decay. In our numerical 
analysis we focus on the decay of the light positive chargino xt ~^ Xi^'^'^e, but 
consider in the analytical formulae the complete spin correlations between the 
production and decay process. 

Since the production is a pure QED process at tree level which depends 
only on the mass of the charginos the chargino decay mechanism can be studied 
separately in 77 collisions. Provided the chargino mass has been measured and 
the energy spectrum and polarization of the high energy photons are well under 
control the production cross section and the polarization of the charginos are 
known and can be varied by suitable choice of the polarization of the laser 
photons and the converted electron beam. Then the direct measurement of the 
chargino decay branching ratios for the various decay channels may be useful 
for an analysis of the chargino system complementary to the e^e~ mode where 
both production and decay are sensitive to the SUSY parameters. 

This paper is organized as follows: In Sect. 2 we present the general spin 
density matrix formalism for the production of fermions with polarized photon 
beams and their subsequent decay. In order to analyze the influence of the 
fermion polarization on the forward-backward asymmetry of the decay product 
one needs the spin density production matrix which is given analytically in the 
77-CMS for circularly polarized photons in Sect. 3. For two representative SUSY 
scenarios we present in Sect. 4 numerical results for the chargino production 
cross section, the branching ratio of the leptonic decay of the lighter chargino 

, the angular distribution and the forward-backward asymmetry of the decay 
positron in the laboratory system (ee-CMS). Finally we study the dependence 
on the gaugino mass parameter Mi and on the sncutrino mass in a scenario 
with a gaugino-like LSP. 

2 Helicity amplitudes and cross sections 

The analytical formulae for the differential cross section of the combined process 
of chargino production by collisions of polarized photon beams 



71 (fc) + 72 (fc') ^ Xkip) + xUp') (fc = 1, 2) 



(1) 



and the leptonic decays 



Xi('?4)+e (95) + i^e('76) 



(2) 



2 



Xtip') - x;(9i)+e+fe) + ^^e(93) (3) 

with complete spin correlations are calculated using the same formalism as in 
for e^e~-annihilation. 

The production (|l|) is a pure QED process in leading order perturbation 
theory and depends only on the chargino mass rrifc, which is expected to be 
measured in e~^e~ annihilation The helicity amplitudes corresponding to 
the Feynman diagrams in Fig. are 

T^^^ = ^'^"^f^ ^^^^+ ^^'^1^ (4) 

where p, Xi {p' , Xj) are the momenta and helicities of the chargino Xk ixt)- 
The exchanged charginos have momenta Q — k — p and Q' = k' — p and the 
polarization vectors of the photons with momenta fc, k' are denoted by e^'^^ and 
e'^"-*, respectively. In the following we consider only right (a, /3 = 1) or left (a, 
p = —I) circularly polarized photons. 

The amplitude for production and decay reads 

T^p = A(x, )A(x+) J2 Tp%T^'T^D (5) 



with the propagators of the charginos with mass rrik and width 

1 

p^ - ml + imkVk 



^iXk) - -^^::tv—i^ (6) 



^^^^^ ^ ^p^^^^^irj^k ■ 

For these propagators we use the narrow width approximation. 

The helicity amplitudes T^' (x^) and T^^ ixt) leptonic decays (||) and 

(||) of the charginos via VF^ , ez, and i>e exchange (Fig. ||) are given in ||] . They 
depend on the gaugino mass parameters Mi, M2, the higgsino mass parameter 
/X, the ratio tan f3 of the vacuum expectation values of the neutral Higgs fields 
and the left selectron and the sneutrino mass. 

The differential cross section for production and subsequent decay of both 
charginos in the 77-CMS is 

dcra0 = ■^|ra/3p(27r)^(5^(fc + k' - ^9j)dlips((7i, 92,93,94, 95,96) (8) 

i 

where E is the energy of the photon beam and dlips(qi, 92, 93, 94, 95, 96 ) denotes 
the Lorentz invariant phase space element. 

The amplitude squared (using the sum convention) 

M = |A(Xfc)nA(xJ)Ppp:^f •'v^'''(Xfc)pS'^(x^) (9) 
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is composed of the unnormalized spin density production matrix 

Pp,al3 — ^ P,al3 -'^ P,af3 K^'^J 

and the decay matrices 

p"r;"'ix^)=T'^'T^'* pT'{xt)^T^'T'J\ (11) 

Introducing a suitable set of polarization vectors s" (s'^) for the chargino Xk 
Xk) one can expand the density matrices (0), dll] ) in terms of Pauli matrices 



i 



+'^yy^Xjy^p,a/3 (13) 

PD''*(Xfe) = '^AJA.A + a^JA.S?, (14) 

pT'ixt) = 5y^^^D,+a\,^^Y.% (15) 
and obtains 

\T^p\^ = 4|A(xfe)nA(x+)P(Po;5A^,+i?jS?.,„^S?, 

+AS'^,„^Eg + S?,%S^I]g) . (16) 

The ratio Ep^^/Pa/j (Sp^^^/Pa/j) describes the polarization of the chargino Xk 
ixl)- '^'pa/s originates from spin-spin correlations between both charginos. The 
analytical formulae for the quantities Pa/3, Sp^,^, Sp^^ and Sp**^^ are given in 
the next section. Analytical expressions for the decay matrices for the leptonic 
decays §) and (|) can be found in |, |. 

If the decay of only one of the charginos, Xfe (p') ~^ X?(gi)e^(g2)i^e(g3), 
is considered it is = 1, Ef) = and A(x^) = 1 in (jLuj). Replacing the 
phase space element in (^) by (ilips(p, gi, 52, 93) and integrating over the phase 
space of the LSP and the neutrino lead to the cross section dae.ap of the decay 
positron. With the substitution |TQ_ap = 4Pq;5 in (||) and the phase space 
element c?lips(p,p') one obtains the chargino production cross section dap^ap- 

The optimal source of high energy polarized photon beams is Compton 
backscattering of intense laser pulses off one of the beams of a linear collider 
in the e~e~ mode. The energy distribution P{y) and the mean helicity X{y) 
strongly depend on the polarizations Al of the laser photons and Ac of the con- 
verted electrons. The analytical formulas can be found in To obtain 
the chargino production cross section da p{s-y'y)/d cos 6 for circularly polarized 
photons one has to weight the cross section da p^af3{s-yj)/d cos 6 with the mean 
helicity A(yi) and A (1/2) of both beams 
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Here yi — E^^ /E^^ (?/2 = £^72 /Ee^ ) is the ratio of the energies of the high energy 
photons 71 (fc) (72(^0) ^'^d of the energies of the respective converted electrons 
Ci (62). Convoluting the cross section ( p7| ) with the energy distribution Pijji) 
and P{y2) of the high energy photons one obtains the differential cross section 
in the laboratory frame (ee-CMS) Q 

-d^ - I nyi)P{y.)j^^{cOSe[cOSe = y,y,s,,)^—^dy,dy, . 

(18) 

As indicated in ( [l8| ) the scattering angle 6 in the 77-CMS has to be expressed 
by the scattering angle 0^ in the ee-CMS: 

cos 9 - ;/2(l + cosg^)-?/i(l-cosg^) 

y2(l+COS0i)+yi(l-COS0^) ■ ^ ' 

Weighting the total cross section dap{s^^) as in ( pT[ ) with the mean helicities 
one obtains the total cross section dap{see) in the ee-CMS by the convolution 

[I 

<Jp{see) = / P{yi)P{y2)o-p{sj^ = yiy2See)dyidy2 (20) 

The same procedure applies to the differential cross section dae{see) / d cos 6^+ 
and the total cross section CTe(see) of the positrons from chargino production 
and subsequent leptonic decay. 

In the laboratory system (ee-CMS) it is Ei — E2 = E and s^^ = j/it/2See 
with y/See = 2-E. To prevent e^e~ pair production by scattering of the photon 
beam and the laser beam the ratio y has to be adjusted to y < 0.83 which leads 

to y^i^ = 0.837^;;. 



3 The spin-density production matrix 

In this section we give the analytical formulae for the quantities Pap, 

) for production of charged spin-^ fermions in collisions of 
circularly polarized photons. For our study of the combined process of produc- 
tion and decay it is convenient to choose a coordinate frame where the momenta 
are given by 

fc^ = S(l,-sin0,O,cos6') (21) 
/c'^ = S(l,sin6i,0,-cos6') (22) 
= {E,0,0,-q) (23) 
p'^ = (i?,0,0,g) (24) 

with q — \p\ ~ \p'\. For the chargino Xk ixt) with momentum p [p') and mass 
THk we introduce three space-like polarization vectors s°'^ (s""^) (a, 6 = 1,2,3), 
which together with — ( — ) form an orthonormal set 

s'^ = (0,-1,0,0) (25) 



(16 
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- (0,0,1,0) 




= — (9,0,0,-^;) 








= (0,1,0,0) 




= (0,0,1,0) 




= —{q,0,0,E) 



(26) 

(27) 

(28) 
(29) 

(30) 



Here s'^ (s'^) denotes the longitudinal polarization, s-^ (s'^) the transverse po- 
larization in the production plane and (s'^) the transverse polarization per- 
pendicular to the production plane. With our choice of the coordinate frame 
the polarization vectors for circularly polarized photons are 

e'(")(72) = ^ (0, -a cos 6*, i, -a sin 61) (31) 

£(f)(7i) = -^(O,/?cos0,z,/?sin^) (32) 

with a, P — +1 (a, (3 = —1) for right (left) circularly polarized photons. 

The expression Pafj is independent of the chargino polarization and reads 

Pap = C{{1 + aP)ml{2E'^ - ml) + (1 - aP)q^ sin^ 9{2E^ ^ q'^ si-a^ 9)} (33) 

with 

n = 

[E^ — q^ cos^ 

The contributions Ep of the polarization of the chargino are 



Y^p^^p = ^2C{a - f3)Eq^mk sin^ e (35) 
^%,a(, = (36) 
= 2CEq{{a + (3)ml + {a- P)Eqsm^e cose} . (37) 

To obtain the contributions Sp^^ from the polarization of xt oii*^ has to 
exchange a and /3 in (|3^) - (^6|). 



For the quantities Sp''^^ describing the spin-spin-correlations between both 
charginos one obtains 

^p.cp = C {{1 + a(3)mt - {1 -a(3)q^{E^+ ml) sin^e} (38) 

= -C{{l + af3)ml + {l-aP)q''sm^e} (39) 

S??a;3 = C{{l + aP)ml{2E^~ml) 

-(1 - a/3)(72 sin^ 61 [2E^ - [E^ + to^,) sin^ 9] } (40) 

= C(l - a^)2£:(j2mfcSin3 6'cos6' = (41) 

^^12 r\ ^ Y^21 ^ x^23 Y^32 ( A0\ 
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For unpolarized photon beams it is a = or/and (3 — 0. If both beams are 
unpolarized the charginos are also unpolarized and the spin correlations between 
production and decay of one of the charginos vanish. If, however, the decay of 
both charginos is considered the spin-spin correlations (|38|)-(p^) are crucial for 
the distribution of the opening angle between the decay products of both of 
them. 

From Pai3 ( p3| ) one obtains the differential cross section for production of 
charged spin-i-fermions with polarized photon beams: 

dap^aft q 

- :Pa(3 (4dj 



d cos 61 'S2ttE3 



and the total cross section 



+Eq[2E^ -ml~ SE'^{1 - a/3)] | . (44) 

Both the differential and the total production cross sections are sensitive to 
photon polarization only if both beams are polarized. In addition the cross 
section does not change by replacing both a — > —a and (3 —> —j3. 



4 Numerical results 

In the MSSM the masses and couplings of the charginos and neutralinos are 
determined by the parameters Mi, M2, n and tan/3 with Mi usually fixed by 
the GUT relation Mi = |M2tan^0vi'- The parameters are chosen to be real 
assuming CP-conservation. 

We study pair production and leptonic decay of the lighter chargino in two 
representative scenarios A and B with the parameters given in Table |l]. 
In scenario A both the lighter chargino and the LSP are gaugino-like while 
in scenario B Xi s-iid Xi &re Higgsino-like. The choice of the slepton masses 
corresponds to a common scalar mass too = 100 GeV. The masses of Ve and ez, 
are at tree level connected by the SU{2)l relation 

to|^ = TO?^ — TO^ cos 2(3 . (45) 



In sections 4.3 and 4.4 we study the dependence of the cross section Ce and of 



the forward-backward asymmetry on Mi and TOj^^ . 

4.1 Cross sections for chargino production 

The chargino production process is in leading order perturbation theory com- 
pletely model independent and only determined by the mass nik and the charge 
of the produced fermions. In Fig. we show the convoluted cross section ap 
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for ruk = 128 GeV and for polarizations Ac = 0, ±0.85 of the converted elec- 
trons and for unpolarized or right circularly polarized (Al — 1) laser photons. 
For high energies one obtains the highest cross section for (Aci, A^J ~ (0.85,0) 
and (AcajAij) — (—0.85,0) whereas for lower energies ^/s^ < 600 GeV the 
polarizations (Aci,AlJ = (0.85,-1), {Xc^^^Li) = (0.85,-1) are favored. For 
this combination of polarizations the dependence of Cp on the chargino mass 
at ^/s^ = 500 GeV is shown in Fig. ^. As a pure QED process the produc- 
tion cross section is forward-backward symmetric. The shape of the angular 
distribution depicted in Fig. |5| for ^/s — 500 GeV, however, depends on the 
polarization configurations. For (Aci, AlJ — (0.85,0), (Ac2, Als) = (0.85,0) the 
forward and backward direction is favored, whereas for (Aci,AlJ = (0.85,0), 
(Ac2, Alj) — (—0.85, 0) the angular distribution is nearly isotropic. 

For polarized laser photons and electrons one can define diverse polarization 
asymmetries. As an example we show in Fig. ^ at y^See = 500 GeV and y/See = 
800 GeV the dependence on the fermion (chargino) mass of the polarization 
asymmetry 

^ _ O'pjXci T^Li, Ac2, A^a) — g'p(Aci , Xli , Aea , —A^a) ^^g^ 

Cp(Aci T^Li, Ac2 , Al^) + cTpiXci , Aij , Ac2 , ~Al2) 
with the polarization of only one laser pulse flipped. 

4.2 Cross section and forward-backward asymmetry of the 
decay leptons 

The total cross section of the decay leptons given in Table || for ^/s^ = 500 
GeV and y/s^ = 800 GeV and polarizations (A^, A^J = (0.85,0), (Ac2, Alj) = 
(—0.85, 0) is not affected by spin correlations and factorizes into the chargino 
production cross section and the leptonic branching ratio. Since, however, the 
angular distribution of the decay products is sensitive to the polarization of the 
parent particle Q , the forward-backward asymmetry 

^ 0-e(cOs6'e+ > 0) — 0-e(cOs6'e+ < 0) 

~ f7e(cOs6le+ > 0) fJe (cOS 6le+ < 0) ^ ' 

of the positrons from the decay xt ~* Xi^^^^e may be quite large. Since the 



production process and the transverse polarization of the charginos Sp^,^ (35) is 



forward-backward symmetric Afb will be largest for forward-backward antisym- 
metric longitudinal polarization Sp^^. For monochromatic photons this is the 
case for opposite circular polarization (a = — /3 ~ ±1) of both beams, whereas 
for unpolarized photon beams or beams with the same polarization a = (3 
corresponding to (Aci,Ali) = (Ac2Al2)7 the longitudinal polarization Sp^^ is 
forward-backward symmetric and the forward-backward asymmetry Ape = 
vanishes. Analogously, the case of Compton backscattering of laser pulses off 
oppositely polarized electron beams (Aci = — Ac2 = 0.85) and unpolarized laser 
photons {Xli = Alj = 0) results in the largest forward-backward asymmetry of 
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the decay leptons since for this combination the high energy photons are po- 
larized with mean hehcities X{yi) > and A(y2) < Q. Near threshold the 
spin correlations between production and decay are strongest at the expense of 
the cross section, which is largest for the combination — — 0.85 and 
Ail = Al, = -1 (Fig. §. 

In Figs. 1^ and || we show the angular distributions for Aci — —\c2 — 0.85, 
Ali = Al.^ = at ^/s^ = 500 GeV and ^/s^ = 800 GeV in scenario A and 
scenario B. The lepton angular distribution sensitively depends on the mixing 
character of the chargino and the neutralino. In the gaugino-like scenario A 
it exhibits large asymmetries, Afb = —18% for y^See — 500 GeV and A^b = 
— 12% for y/See = 800 GeV, whereas in the higgsino-like scenario B the angular 
distribution is nearly symmetric with ApB = 0.83% for ^See — 500 GeV and 
Afb = 0.36% for = 800 GeV (Table |). 

Since the total cross section Ue factorizes into the production cross section 
ap and the branching ratio of the chargino decay, the polarization asymmetries 
of (7e are identical to those of (jp and independent of the chargino decay. 



4.3 Mi-Dependence 

Several studies analyze the determination of the gaugino mass parameter Mi via 
production and subsequent Icptonic decay of neutralinos or selectrons in e'^e~ 
annihilation |ll] -jl^, via selectron production in e~e~ scattering |l^, |l^ or 
via associated selectron neutralino (LSP) production in 67 scattering processes 
pj[| . In all these processes the Mi dependence of the cross sections of 
the decay leptons, their polarization and forward-backward asymmetries result 
from a complex interplay of the Mi dependence of the respective production 
and decay mechanism. 

In the process investigated here only the decay of the charginos contributes 
to the Ml dependence of the cross section CTe and to the forward-backward asym- 
metry ApB of the decay leptons. In the following we study the Mi dependence 
of (Te and ApB fixing the other parameters as in scenario A and B. 

The decay observables are affected by the Mi dependence of both the LSP 
mass TOjj;o and the relevant couplings displayed in Figs. ^ - The Mi depen- 
dence of m^o is very similar in both scenarios and shows a strong variation for 
Ml < 150 GeV. The variation of the couplings with Mi, however, sensitively 
depends on the mixing character of the chargino xf and is in both scenarios 
very pronounced for Afi < 170 GeV. 

Since the Mi dependence of ae is exclusively determined by the decay we 
show in Fig. 12 the branching ratio for the decay channel Xi ~^ x\£^^e for 



M2 = 152 GeV, ^ = 316 GeV corresponding to the gaugino-like scenario A. For 
Ml < 50 GeV the two body-decay xf Xi^^^ is kinematically allowed and 
the leptonic branching ratio of the chargino BR{xt — * Xi^^'^e) ~ BR{xt ^ 
XiW~^) X BR{W~^ e+i'e) is nearly independent of Mi. Between Mi — 50 
GeV and Mi = 100 GeV the branching ratio and consequently the cross section 
ae — Tp X BR{xi x?e+j^e) varies by a factor 1.5. 



9 



Provided that the parameter M2 is measured in chargino production in e^e~ 
annihilation the 77 mode of a Linear CoUider provides a test of the GUT relation 
betweeen Mi and M2. The forward-backward asymmetry of the decay positron 
(Fig. |l^), however, turns out to be much more sensitive on Mi than the cross 
section de- It changes monotonously from 19% to 5% in the region 50 GeV< 
Ml < 150 GeV. 

For M2 = 370 GeV, ji = 125 GeV corresponding to the higgsino-like scenario 
B the branching ratio and the cross section CTe is nearly independent of Mi . In 
this scenario the forward-backward asymmetry is smaller than 1% for all values 
of Ml. 

4.4 Sneutrino mass dependence 

In [ pO| methods have been proposed to determine the sneutrino mass from 
chargino pair production and decay in e^e~ -annihilation. If the chargino has 
a large gaugino component sneutrino and selectron exchange strongly influence 
the leptonic branching ratio and the lepton angular distribution. In this section 
we study the to^^ dependence of the cross section Ue and the forward-backward 
asymmetry of the decay lepton assuming the SU{2)l relation (p5| ) for mg^^. All 
other parameters are fixed as in scenario A. 

As a function of the sneutrino mass wc show in Fig. ^ the branching ra- 
tio BR(xi ~* Xi^^i^e) and in Fig. ^ the forward-backward asymmetry for 
^/i^ = 500 GeV and beam polarizations (Aci,Ai,i) = (0.85,0) and (Ac2, Al^) = 
(—0.85,0). These polarization configurations result in the largest forward- 
backward asymmetry. The cross section shows a pronounced mj,^ dependence 
for mo^ ~ 250 GeV whereas the forward-backward asymmetry exhibits an ap- 
preciable mp^ dependence up to m^^ ^ 400 GeV, which is considerably be- 
yond the kinematical limit for sneutrino pair production in e+e^-annihilation 
at ./^e = 500 GeV. 

For ra^^ < m-+ the two-body decays xt ~* ^^^/i ^ — (^i/^) eventually 
I = (e, II, t) are dominating. Since for our set of parameters the sneutrino 
decays completely invisible via i>i Xi^i the branching ratio for Xi x^e^Ve 
is given by that for the two-body decay into positron and sneutrino and therefore 
independent of the sneutrino mass. 

For TOij^ > m -+ , however, the to^j^ dependence of both the cross section and 
the forward-backward asymmetry is free of any ambiguities. With increasing 
sneutrino mass the contributions from v^. and exchange are more and more 
suppressed so that finally only the contribution from M^-exchange survives. We 
conclude that measuring the forward-backward asymmetry with suitably polar- 
ized beams is a useful method for the determination of the sneutrino mass. For a 
quantitative evaluation of the accuracy Monte Carlo studies would be necessary. 
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5 Conclusion 



Pair production of charginos with subsequent decay in photon-photon coUisions 
allows to study the decay mechanism s(;paratc!ly from production. Wc have 
presented analytical formulae for the polarization aird the spin-spin correlations 
of fermions produced in collisions of circularly polarized photon beams. 

For high energy photons from Compton backscattering of polarized laser 
pulses off polarized electron beams we calculated the production cross section 
of the lighter chargino and the cross section, the angular distribution and the 
forward-backward asymmetry of the positron from the leptonic xt decay. We 
have shown that for gaugino-like chargino and LSP the cross section and partic- 
ularly the forward-backward asymmetry of the decay leptons is sensitive to the 
gaugino mass parameter Mi and to the sneutrino mass and allows to constrain 
them. Contrary to chargino production in electron-positron annihilation neither 
the dependence on the gaugino mass parameter Mi nor the dependence on the 
sneutrino mass of the cross section and the forward-backward asymmetry show 
ambiguities above the threshold for two-particle decay of the chargino. 
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Scenario A 


Ml = 


76 GeV M2 = 152 GeV fi = 316 GeV 


tan/3 = 3 mi> = 158 GeV mo = 100 GeV 






X? 


mass / GoV 


128 


69.5 


mixing 


{W+\H+) 
(0.961 - 0.28) 


mHa\Ht,) 

(0.781 -0.59|0.15|0.14) 


Scenario B 


Ml = 


185 GeV M2 = 370 GeV fi = 125 GeV 


tan/3 = 3 mp = 339 GeV mo = 100 GeV 




xt 


X? 


mass / GeV 


108 


91.6 


mixing 


{W+\H+) 
(0.33| - 0.94) 


m\Ha\m) 

(-0.21|0.37|- 0.781 - 0.47) 



Table 1 : Masses and mixing character of the hght chargino Xi and the hghtest 
neutralino Xi in scenarios A and B. 





Scenario A 


Scenario B 




500 


800 


500 


800 


O-e/pb 


0.09 


0.18 


0.13 


0.19 


Afb/% 


-18 


-12 


0.83 


0.36 



Table 2: Convoluted cross sections and positron forward-backward asymmetries 

for 77 XiXi : Xi ^ Xi^^i^e in scenario A and B at ^.See = 500 GeV and 
^5;; = 800 GeV for polarizations (Aci,AlJ = (0.85,0), (Ac2,AiJ = (-0.85,0). 



13 




Figure 1: Feynman diagrams for the process ^i{k,e^^^) + 72(fc',£'^"') — > 
xt{p',s"')+Xl{P,s'') 
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CTp/pb 



1.2 




Figure 3: Convoluted cross sections for 77 — > xtXk ^'^^ ™fc = ^-^^ 
function of the ee-CMS energy for polarizations: 
(Aci, AiJ = (0,0), (Ae,, AlJ = (0,0) (solid line) 
(Aci,AlJ = (0.85,0), (Ac2,AlJ = (-0.85,0) (dashed line) 
(Aei, AlJ = (0.85,0), (Ac2, AlJ = (0.85,0) (long-dashed line) 
(Aci,Az,J = (0.85,-1), (Ac2,Ai,J = (0.85,-1) (dot-dashed line) 
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(Tp/pb 




130 140 150 160 170 180 190 200 mk/GeV 

Figure 4: Convoluted cross sections for 77 — > xtXk \/see = 500 GeV, as a 
function of the chargino mass nik for polarizations: 
(Aci,AlJ = (0,0), (XcXl,) = (0,0) (solid line) 
(Aci,Az,J = (0.85,0), (A^AlJ = (-0.85,0) (dashed line) 

(Aci,AlJ = (0.85,0), (Ac,,AlJ = (0.85,0) (long-dashed line) 
(Aci, AlJ = (0.85,-1), (Ae2,ALj = (0.85,-1) (dot-dashed line) 




Figure 5: Angular distributions in the ee-CMS for 77 — > xtXk ^o'" ''^k = 128 
GeV and polarizations (Aci,AiJ = (0.85,0), {Xc2,Xl2) = (0.85,0) (solid Hnc), 
(Aci,Az,i) = (0.85,0), (Ac2,AiJ = (-0.85,0) (dotted line) at = 500 GeV. 
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Figure 6: Polarization asymmetry (defined in (|46|)) of tlie convoluted cross 
section 77 ^ xtXk ^ function of the chargino mass for polarizations 
(Aci, AlJ = (0.85, 1), (Ac2, AlJ = (-0.85, ±1) at = 500 GeV correspond- 
ing to y/sl^^^ = 415 GeV (dashed line) and ^/s^ = 800 GeV corresponding to 




-1 -0.5 0.5 1 



Figure 7: Angular distribution in the ee-GMS of the decay positron in 77 — ^ 
Xi'xr; Xi ~^ Xi^^'^e for scenario A and polarizations (Aci,AiJ = (0.85,0), 
(Ac2, AlJ = (-0.85,0) at = 500 GeV (dotted line) and ^/i;; = 800 GeV 
(solid hue). 
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Figure 8: Angular distribution in the ee-CMS of the decay positron in 77 

XiXij Xi ^ x\^^^e for scenario B and polarizations (Aci,Ali) = (0.85,0), 
(Ae2, AlJ = (-0.85,0) at .JsZ = 500 GeV (dotted line) and y/JZ = 800 GeV 
(solid line). 
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Figure 9: Afi-dcpcndcncc of the LSP mass for M2 = 152 GcV, 11 = 316 GeV, 
tan/3 = 3 (solid line) and for M2 = 370 GeV, /x = 125 GeV, tan/3 = 3 (dashed 
line). 
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50 100 150 200 250 300 Mi/GeW 

Figure 10: Mi-dependence of the couplings {fj/i)"^ (solid line), (/^i)^ (dashed 
line), (Ofi)^ (long-dashed Hue) and (Ofi)^ (dot-dashed line) as defined in [Q 
for M2 = 152 GeV, fi = 316 GeV, tan/3 — 3 (corresponding to scenario B). The 
shadowed region is excluded by the lower bound m^o > 38 GeV. 




Figure 11: Afi-dependence of the couplings {fj/i)"^ (solid line), {f^i)^ (dashed 
line), (Oii)^ (long-dashed hne) and (Ofi)^ (dot-dashed line) as defined in [Q 
for M2 = 370 GeV, /i — 125 GeV, tan/3 — 3 (corresponding to scenario B). The 
shadowed region is excluded by the lower bound m^o > 38 GeV. 
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Figure 12: Branching ratio for x'^ Xi^'^'^e as a function of the parameter Mi 
for M2 = 152 GeV, n = 316 GeV, tan/3 = 3. The shadowed region is excluded 
by the lower bound m^o > 38 GeV. 
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Figure 13: Forward-backward asymmetry in the ee-CMS of the decay positron 
from 77 XiXi 1 xt ^ Xi^^J^e as a function of the parameter Mi at y/s^e = 
500 GeV for {Xc^,XL^) = (0.85,0), (Ac2,AlJ = (-0.85,0) for M2 = 152 GeV, 
H = 316 GeV, tan/3 = 3. The shadowed region is excluded by the lower bound 
m^o > 38 GeV. 
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Figure 14: Branching ratio for Xi^^'^e as a function of the sneutrino mass 

mo^ for M2 = 152 GeV, = 316 GeV, tan/3 = 3. 
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Figure 15: Forward-backward asymmetry in the ee-CMS of the decay positron 
from 77 XiXi J Xi ~^ Xi^^^e as a function of the sneutrino mass m,5_, at 
y/s;;= 500 GeV for (Aci,AlJ = (0.85,0), (Ac^, AlJ = (-0.85,0) for M2 ="152 
GeV, iJ, = 316 GeV, tan/3 = 3. 
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